Abstract -Listeria monocytogenes is a foodborne pathogen of major concern for public health in industrialised countries. Since L. monocytogenes carriage by pigs at the herd level could be a primary source for carcass contamination, control measures should be designed to reduce the L. monocytogenes load at the pre-harvest stage. For this purpose, an exploratory analytical survey was carried out in 2000-2001 in 93 French farrow-to-finish pig farms concerning L. monocytogenes contamination in pigs before they left for the slaughterhouse. On each farm, the L. monocytogenes status of a batch of contemporary fattening pigs housed in the same room was assessed on faecal material samples taken by means of gauze swabs wiped on the perianal region of the pigs. Fourteen percent of the batches studied had at least one contaminated sample and were therefore classified as L. monocytogenes contaminated batches. Two logistic regression models were used to assess the association between managerial and hygiene practices and the risk of L. monocytogenes contamination of the batch at the end of the finishing period on the whole data set (n = 93) and in the wet feeding farms only (n = 57). Wet feeding during the fattening period was identified as a risk factor for L. monocytogenes contamination. Risk factors related to the introduction of L. monocytogenes in pig facilities were identified for both the general and wet feeding farm data sets. Poor care paid to hygiene on the farms was found to increase the risk of being infected (boots cleaning, change room presence). When the duration of the empty period prior to the introduction of growing pigs was less than one day in the fattening section, the risk of L. monocytogenes contamination was significantly increased. For wet feeding farms, a distribution pipeline cleaning procedure including disinfection was found to be associated with a higher risk of contamination than no cleaning or a procedure consisting of rinsing with water only.
INTRODUCTION
Listeria monocytogenes is a major human bacterial foodborne pathogen. It is of major concern for public health in many industrialised countries. L. monocytogenes is responsible for opportunistic infections especially in vulnerable and immunocompromised subjects, such as new-born infants, pregnant women, cancer or AIDS patients and the elderly. It may cause meningitis, encephalitis, sepsis, foetal death, prematurity and death. Listeriosis is a serious illness with a high fatality rate (20-30%) or with neurological sequelae due to the tropism of Listeria for the central nervous system. In Europe, the annual incidence rate varies from 2 to 15 cases per million inhabitants [33] . In 1997, in the United States, 5 cases per million inhabitants were recorded [15] , with a case fatality rate of 20% [31] . In 1999, 270 cases were recorded by the two French reporting systems, and the annual incidence rate was therefore estimated to be 4.4 cases per million inhabitants in France [18] .
Contaminated food has been identified as the main route of infection and is potentially responsible for 99% of all cases of listeriosis in the United States [31] . A wide range of contaminated foodstuffs, including dairy products, meats, seafood products and other processed food may be vectors of L. monocytogenes. Human listeriosis can occur either as a sporadic disease or as outbreaks. In recent sporadic or epidemic outbreaks occurring in various industrialised countries, certain types of meat products, especially delicatessen pork products, were involved [13, 17, 24, 28, 30, 38] . Three of these outbreaks were pork-related and occurred in France: cooked pork tongue in jelly was involved in 1992 [24] , "rillettes" (potted meat made from pork) were involved in 1993 [17] and both of these products were involved in 1999-2000 [13] .
It has been hypothesized that the main source of food contamination by L. monocytogenes is live animals [2, 40] . Pig farms have been considered to be a primary source of Listeria found in slaughterhouses [32, 36, 40, 42] . Healthy carrier slaughter pigs are thought to have introduced L. monocytogenes contamination into the plant, as demonstrated by the molecular fingerprinting method [16] . It was early suspected that growing pigs were resistant to L. monocytogenes infection [6] . Since then several reports have mentioned that L. monocytogenes is asymptomatically carried by the pigs [1, 5, 14, 23, 26, 40, 43] .
A reduction of the L. monocytogenes intestinal carriage rate of pigs at the herd level should reduce the contamination pressure at the slaughterhouse. The risk factors for this intestinal carriage need to be identified in order to design an adequate intervention strategy to reduce L. monocytogenes contamination of finishing pigs. To the best of our knowledge, no study has been carried out in order to determine the risk factors for Listeria contamination of pig farms. However, although risk factors have not been specifically identified, the feeding system (wet vs. dry) during the fattening phase is reported as a putative factor that may influence the contamination of pigs [39] .
The aim of the present exploratory study was therefore to assess the relationships between certain pig farm characteristics, with a particular emphasis on feeding systems, their related managerial and hygiene practices, and their health status, and L. monocytogenes pig contamination at the end of the finishing period.
MATERIALS AND METHODS

Study design
This study was carried out from November 2000 to October 2001 and involved 93 French farrow-to-finish pig farms, selected from among those affiliated with 14 farmer organisations and 8 feed companies. To participate in the study, the farms had to be farrow-to-finish operations of the confined intensive type, managed using the batch procedure (weaning of one group of sows on the same day and age-segregated rearing) with an all-in/all-out hygiene policy for farrowing, post-weaning and fattening sections. Farm selection was also based on the farmer's willingness to cooperate.
The epidemiological unit of this study was a batch of contemporary growing pigs housed in the same room on each farm. A room is here part of a fattening pig building separated from the adjacent ones by walls and a door, which usually contains 80 to 150 pigs located in 8 to 15 pens. The batches were investigated at the end of the fattening period. Each farm was visited from one to seven days before slaughter. Information on potential risk factors related to Listeria spp. contamination of the batch were gathered by means of questionnaires, measurements and bacteriological laboratory investigations.
Thirty investigators were involved in the survey, corresponding to veterinarians and technicians from the companies involved or from the staff of our laboratory. Prior to data collection, external investigators were met and taught how to carry out the investigations (measurements, environmental sampling, administration of the questionnaire).
A questionnaire was administered by an investigator to each farmer (available upon request). Data concerning the general characteristics of the farm and the premises, biosecurity procedures, feeding systems and the rearing characteristics of the batch followed during the farrowing and postweaning periods were collected (Tab. I). The on-farm technical documents were checked for this purpose. The rearing characteristics and sanitary events occurring during the rearing period were also recorded.
In each room visited, the perianal regions of the pigs were wiped with 5 SODIBOX ® swabs (Sodibox, La Forêt-Fouesnant, France). The SODIBOX ® environmental swab is a sterile square piece of cotton cloth (32 cm × 32 cm) moistened with isotonic saline solution. Each swab was used to wipe three different pigs from a same pen. Five different pens per room were investigated in this way. After use, the swabs soiled with faecal material were placed in a sterile plastic bag.
Cooled samples and questionnaires were sent by the investigators to the French Agency for Food Safety laboratory on the day of collection. Express postal services were used for farms located a long way from the laboratory.
Microbiological analyses
Swabs were analysed for the presence of Listeria spp. Demi Fraser broth (150 mL) (Oxoid, Basingstoke, UK) were poured directly into each plastic bag with the swab. Samples were blended for 2 min with a stomacher (AES Laboratoire, Combourg, France) and were incubated at 30°C. After 24 h of primary enrichment, 0.1 mL of each culture in demi Fraser broth was subcultured for 48 h in 10 mL of Fraser broth tubes at 37 °C for secondary enrichment. Final demi Fraser broth and final Fraser broth (0.01 mL of each) were both streaked onto PALCAM agar (AES Laboratoire, Combourg, France). PALCAM plates were incubated at 37 °C for 48 h.
According to the method developed by Chasseignaux et al. [7] , 3 mL of tryptone saline broth were poured onto PALCAM plates presenting presumptive positive colonies. After 1 min of contact, 0.5 mL of the resulting homogenised bacterial suspension was tested for L. monocytogenes by the MiniVidasLMO detection kit, as described by the manufacturer (Biomérieux, Marcy l'Étoile, France). The samples that tested positive by MiniVidasLMO TM were subcultured onto ALOA plates for 24 h at 37°C in order to confirm the species and to carry out biochemical identifications after subculturing on tryptone soya agar with yeast extract (TSAYE, Oxoid) and then on tryptone soya broth with yeast extract (TSBYE, Oxoid).
Presumptive L. monocytogenes colonies on ALOA were subcultured onto TSAYE. One colony with a bluish tinge on TSAYE agar was subcultured in TSBYE for 24 h at 37 °C. The species were identified by a microtitre plate method. They were tested for catalase, haemolysis and fermentation of D-xylose and L-rhamnose. A CAMP-test was also performed [25] . Table I . Summary of items included in the questionnaire used to analyse risk factors for L. monocytogenes in finishing pigs in French farrow-to-finish herds. The number of questions per subset is indicated in brackets.
• 
Statistical analyses
The observation unit was the fattening room housing the batch investigated. A batch was declared to be contaminated by Listeria monocytogenes when one or more swab tested positive. The outcome variable, "Batch status", was therefore dichotomous (contaminated batch vs. non-contaminated batch).
Since wet feeding is thought to be a putative risk factor, two analyses were carried out. The first analysis was performed on the complete data set, whereas the second analysis focused on the wet fed batches only. On both data sets, a two-stage statistical procedure was used to assess the relationships between explanatory variables and the L. monocytogenes status of the batch.
In the first stage, a bivariate analysis related the L. monocytogenes status of the batch to each of the explanatory variables. The explanatory variables were previously coded categorically. The number of categories per variable was limited, so that the frequency rates of categories were > 10%. The variables associated (likelihood ratio χ 2 -test or the Fisher exact test, P < 0.25) with the L. monocytogenes status of the batch were selected first (Tab. II). All bilateral relationships between the possible explanatory variables were checked. For relationships between variables evidencing strong structural collinearity, one of the two variables of interest (the most closely related to the outcome variable) was chosen.
The second stage involved multiple logistic regression models performed (proc LOGISTIC) [37] according to the method described by Hosmer and Lemeshow [21] . These models included variables that passed the first screening step. Manual backward stepwise logistic regression analyses were carried out to select explanatory variables. The contribution of each variable to a model was tested using a likelihood ratio χ 2 -test [29] . The two logistic regression models were obtained with all factors significant at P < 0.1. The odds ratios assessed in final models were converted into relative risks according to the method developed by Beaudeau and Fourichon [3] .
RESULTS
Risk factors in the population of farms investigated
Thirteen (14%) of the 93 batches studied tested positive for L. monocytogenes. In two batches, all five samples tested positive, one batch presented three positive swabs, two batches presented two positive swabs, and all other batches (n = 8) had one positive swab.
Three risk factors were significantly associated with L. monocytogenes contamination at the end of the rearing period (Tab. III). The risk for L. monocytogenes contamination was increased when wet feed was provided during the fattening period (P < 0.1; RR = 3.7; CI 90% = 1.1, 13.7). When the duration of the "empty" post-weaning room period prior to the introduction of the piglets was less than or equal to 1 day, the risk of being contaminated by L. monocytogenes at the end of the rearing period was significantly increased (P < 0.1; RR = 2.8; CI 90% = 1.1, 6.7). The risk of being contaminated was higher (P < 0.05, RR = 3.8; CI 90% = 1.4, 11.4) when low or no care was taken to cleaning and the boots of the workers were disinfected once a week or less.
Risk factors in the subpopulation of wet fed farms investigated
Among the 57 wet fed batches, 11 (19%) tested positive for L. monocytogenes. Two risk factors were significantly associated with L. monocytogenes contamination at the end of the rearing period (Tab. IV). The absence of a change room at the entrance of the pig rearing facilities was a risk factor (P < 0.1; RR = 5.8; CI 90% = 1.2, 35.1). Cleaning and disinfecting the pipeline with water and disinfectant were practices significantly at risk compared to no cleaning. The estimated relative risk for L. monocytogenes contamination when cleaning and disinfection was performed more than once a month (RR = 8.7; CI 90% = 1.4, 61.0) was lower than the estimated relative risk for L. monocytogenes contamination when cleaning and disinfection was performed once a month or less (RR = 9.9; CI 90% = 2.0, 59.6). However, rinsing the pipeline with water only was not associated with a significantly greater risk than never cleaning the pipeline. 
DISCUSSION
Only a very few studies have dealt with the pig herd L. monocytogenes contamination despite the fact that L. monocytogenes contamination of pork products is of great concern for public health. In the literature, the detection of the L. monocytogenes pig batch status has been more frequently described by means of samples taken at the slaughterhouse. Sampling methods were either individual coprology [1, 14, 40, 42] , tonsillar swabbing [26] or skin swabbing [11] on a sample of pigs. The ability of the skin swabbing method to detect L. monocytogenes contamination of pigs has already been demonstrated [11] . It also presents the advantage of not requiring animal contention for sampling and is therefore less timeconsuming than coprology. These elements were thought to be important in view of the fact that voluntary investigators from farmer organisations or feed companies participated free of charge in this study.
The sensitivity and specificity of the detection method of L. monocytogenes used in this study are not known but can be considered imperfect. The sensitivity is certainly lower than 99% due to the fact that all the pens of a fattening room were not investigated and that there was limited sensitivity of the microbiological isolation method. Some of the rooms which tested negative may have been falsely negative and therefore they may have been misclassified. Nevertheless, the specificity of the detection method can be estimated to 99% according to Christensen and Gardner [8] . Therefore, the rate of L. monocytogenes positive batches estimated in this study may be underestimated.
The study designs of previously published studies concerning L. monocytogenes contamination of pigs mainly investigated individual carriage rates at the slaughterhouse. The percentage of L. monocytogenes carriers reported by authors are 0.8% (46/5975) [23] , 1.7% (3/172) [40] , 2.4% (44/1849) [26] , 3% (3/97) [5] , 5.9% (2/34) [43] and 16% (4/25) [42] . Since the numbers of different herds involved in these studies were not specified, it is therefore difficult to compare these data with the results of our study, conducted at the batch level. One study conducted at a group-level reported 27.5% of positive batches [11] .
The difference between the observed positive rates reported above could be due to differences in the study design and improvement of microbiological isolation methods since the studies by Skovgaard and Norrung in 1989 [40] and Buncic in 1991 [5] . No standard method has been developed to detect L. monocytogenes in highly contaminated environmental samples such as those from rearing pig facilities. Isolation agars classically used, such as Oxford or Palcam, do not allow the distinction based on the morphological appearance of colonies between L. monocytogenes and other species of Listeria, such as L. innocua, which has also been reported in pig samples [5] . Moreover, the growth advantage of L. innocua and the production of inhibitory compounds by L. innocua may both result in a high L. innocua / L. monocytogenes ratio in the incubated broth [10] . Random selection of ten typical Listeria colonies from Palcam agar plates would therefore not lead to a high probability of L. monocytogenes detection. The method developed by Chasseignaux et al. [7] improved the sensitivity of L. monocytogenes isolation in the present study. Sampling performed at the slaughterhouse [11] could also be influenced by the effect of the pre-harvest process, which has been shown to increase the Salmonella contamination rate of pigs between the farm and the slaughterhouse [22] . Differences in the proportion of wet and dry fed pigs studied could also explain differences in positive percentages reported in the literature and in the present study.
Wet feed is distributed to the pigs by a liquid feeding system through a pipeline whose microbiological ecology may influence wet feed contamination. Technical studies carried out on liquid feeding systems have shown that liquid feeding systems are biologically active by means of feed residue layers and biofilms accumulated on the internal surface of the pipeline and valves [20, 35] . In the present study, wet feeding was identified to be a risk factor for L. monocytogenes contamination of a finishing batch. Wet feed has been previously considered to influence pig contamination [40] . It has also been reported [39] that L. monocytogenes can be isolated from 2% of the faeces of dry fed animals, versus 25% to 50% of the faeces of wet fed animals. An explanation proposed by Skovgaard [39] for these different results of pig faeces contamination was a lower rate of Listeria in dry feed than in wet feed. The different contamination rates between dry vs. wet feed could be explained by the different types of treatment used for these two kinds of feed. Among other things, the pelleting process involves heat treatment, a process not applied to meal. This heat treatment could influence Listeria contamination of the pellets.
The model adjusted to the data obtained from the wet fed subgroup supported a role of feed residue layers and biofilms. One of the two risk factors identified was related to the liquid feeding system and more precisely to the pipeline cleaning and disinfection procedure. Rinsing the pipeline with water only was not associated with a significantly greater risk than never cleaning the pipeline. Moreover, using disinfectant presented a greater risk than never cleaning the pipeline. Two hypotheses can be raised to explain this paradoxical result. On the one hand, Skovgaard [39] supposed that feed residue layers might contain L. monocytogenes. These residue layers and biofilms would be more likely to be suspended by the cleaning and disinfection procedure. The layers and biofilms suspended would also be more contaminated by Listeria when the frequency of cleaning and disinfection is low (less than twice a month). On the other hand, Hansen and Mortensen [20] and Royer et al. [35] reported that feed residue layers and biofilms were normally dominated by lactic acid bacteria and yeast.
Taking into account the antilisterial activity of some lactobacillus species due to bacteriocin-like substances [34] and the effect of lactic acid on Listeria growth [9] , internal biofilms of the pipeline would have a protective action against Listeria spp. The alteration of the biofilms by cleaning and disinfection, observed by Hansen and Mortensen [20] and Royer et al. [35] , would facilitate pig Listeria spp. contamination. The cleaning and disinfection effect observed on the lactic and coliform flora resulted in a decrease of the lactic flora with an increase of coliform bacteria counts during the first days and it took 5 to 7 days to return to the baseline situation [20, 35] . Regardless of the mechanism of L. monocytogenes contamination involved, alteration of the microbiological equilibrium of the pipeline appears to be a major issue involved in cleaning and disinfection. Further studies must be carried out to improve the knowledge of the pipeline microbiological ecology and to investigate the role of the pipeline as a vector of L. monocytogenes via the feed residue layer and biofilms and to determine good hygiene practices of current liquid feeding systems: cleaning and disinfection procedure, frequency, etc. in order to control this source of L. monocytogenes.
The other risk factors identified in both models concerned the general hygiene on the pig farm. In the entire data set, low or no attention paid to disinfection of the boots of the farm staff was a risk factor for L. monocytogenes contamination. This result is consistent with that obtained on the wet feed subgroup, which is related to the lack of a change room at the entrance of the pig facilities. In the entire data set, a very short duration of the "empty and clean" period prior to stocking the fattening room was also found as a risk factor for L. monocytogenes contamination at the end of the fattening period. Taken together, these factors related to general hygiene tend to suggest a link with a soil source of contamination of pig facilities and emphasize a possible contamination cycle between successive batches. L. monocytogenes has been previously detected in the soil [44] and on farm environmental samples [14] . Residual faecal contamination after cleaning and disinfection of the fattening pens could promote transmission of L. monocytogenes from one batch to the next.
Due to imperfections of the detection method, misclassification of batches based on outcome may have occurred. Misclassification may be assumed to be non-differential since the exposition to potential risk factors is not affected by the L. monocytogenes contamination status, unknown to the farmer. If misclassification is non-differential, the unadjusted estimator of OR systematically underestimates the true OR [19] . Therefore, additional risk factors could have been identified with a better detection method and/or with a larger sample of farms studied.
The risk factors were identified on a sample of farms applying the usual management practices, since change rooms are not systematically available in pig facilities and the feeding system procedures observed in a recent study [35] were very similar to those reported in the present study. The pre-eminence (61.3%) of wet feeding encountered in this farm sample is consistent with national practices. It is therefore very important to more accurately determine the relationship between wet feeding and L. monocytogenes, since an important part of pork production is potentially exposed to this risk factor. Wet feeding is also involved in the control of another foodborne pathogen: Salmonella enterica. However, the increasing risk for L. monocytogenes contamination of finishing pigs due to wet feeding during the fattening period contrasts with the protective effect of wet feeding on Salmonella enterica contamination of finishing pigs. Salmonella infection has been shown to be more prevalent in dry-fed herds than in wet-fed herds [4, 12, 27, 41] .
